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Most efforts to categorize pro-environmental behaviors (PEBs) have focused on researchers’ –
rather than laypeople’s – perceptions of PEBs. Drawing on the psychometric paradigm used to 
categorize environmental risks, we aimed to identify the PEB attributes salient to laypeople and, 
from that, determine the underlying dimensions of PEB. In Study 1, participants (n = 157) 
evaluated 30 PEBs through open-ended questions. The results revealed 21 attributes that 
laypeople commonly associate with PEBs. In Study 2, 250 MTurk participants rated 74 PEBs on 
the 21 attributes. An exploratory factor analysis revealed four factors underlying PEB: Factor 1 
(Financial and Behavioral Cost), Factor 2 (External Pressures), Factor 3 (Environmental Impact 
and Savings) and Factor 4 (Health and Safety Impacts). PEBs were characterized along each 
dimension and along multiple dimensions using biplots. Additionally, the four factors strongly 
predicted behavior intention. The results have implications for interventions to increase PEBs in 
the general public. 













Categorizing Pro-environmental Behaviors Using the Laypeople's Perspective 
Within the field of conservation psychology, researchers have sought to understand, 
explain, and predict behaviors that benefit the natural environment. There are a great number of 
pro-environmental behaviors (PEBs) to study – from carpooling and taking shorter showers to 
line-drying laundry and buying local produce. PEBs are not only innumerable but also diverse in 
what factors predict them. For example, factors that predict shutting down electronics at night 
differ from those that predict upgrading to energy-efficient appliances (Karlin et al., 2012; Nair, 
Gustavsson, & Mahapatra, 2010). While the manifold nature of PEB could make for some 
lengthy careers of those studying PEB, the threats associated with global climate change have 
placed ever-increasing pressure on researchers to test and identify effective strategies of fostering 
PEB in the general public. Such a difficult and time-sensitive task has called for the research 
field’s own efficiency upgrade.  
One way that researchers have sought to efficiently study PEB is by studying groups of 
similar behaviors. Classifying environmental behaviors into distinct categories allows for 
researchers to more adequately identify predictor variables of PEBs, though the current field of 
pro-environmental research lacks a common behavior categorization scheme. Understanding the 
similarities and distinctions between behaviors and what variables predict those behaviors is a 
necessary step for the development of effective intervention strategies that aim to reduce energy 
use (Karlin et al., 2012).  
Researchers have organized PEBs in several different ways, each with its own set of 
limitations. Three categorizations of PEBs exist that are most common in pro-environmental and 
energy conservation research: (1) domain-specific behaviors, (2) curtailment versus efficiency 
behaviors, and (3) intent-oriented versus impact-oriented behaviors.  




Domains of Environmental Behaviors 
Researchers have demonstrated that PEBs may cluster or group together in a way that 
reflects a shared purpose between behaviors (Stern, 2000; Whitmarsh & O’Neill, 2010). For 
example, recycling, composting, and buying products with less packaging may aggregate as 
waste reduction behaviors (Whitmarsh & O’Neill, 2010). National surveys from the early 1990s 
(i.e., 1993 General Social Survey and 1994 national environmental survey) provide support for 
the distinction between types of environmental behaviors. Factor analysis on self-reported 
behavior and behavioral intention measures indicated the existence of three factors: 
consumer/household behaviors, environmental citizenship behaviors (e.g. voting, writing to 
government officials), and policy support (see Dietz, Stern, & Guagnano, 1998 and Stern, Dietz, 
Abel, Guagnano, & Kalof, 1999). One behavior, activism, did not appear to load onto any factors 
in the 1994 study and has been interpreted as an independent type of environmentally significant 
behavior (Stern, 2000).  From these results, Stern (2000) distinguished between four broad 
domains of behavior: activism, non-activist public-sphere behaviors, private-sphere behaviors, 
and other environmentally significant behaviors (Figure 1). Activism behaviors include active 
involvement in environmental organizations and participation in pro-environmental social 
movements while non-activist public behaviors include support for public policies (Stern, 2000). 
Stern (2000) proposed the subdivision of private-sphere behaviors into four subtypes based upon 
the type of decision involved: purchase of major household goods or services, use and 
maintenance of environmentally important goods, waste disposal, and green consumerism. Other 
environmentally significant behaviors include any behavior that influences the actions of 
organizations to which an individual belongs such as an employee beginning a composting 
program at work (Stern, 2000). 




More recently, Dietz, Gardner, Gilligan, Stern, and Vandenbergh (2009) divided 
household PEBs – a similar domain to Stern's (2000) private-sphere domain – into five 
categories: weatherization, energy-efficient equipment, maintenance, adjustments, and daily 
actions (Figure 2). Examples of weatherization actions include insulating one’s home attic, 
weather-stripping doors, and installing an energy-efficient home heating system. Energy-
efficient equipment actions are energy-efficiency upgrades such as purchasing a hybrid motor 
vehicle and installing an energy-efficient washing machine. Maintenance actions involve 
maintaining one’s energy equipment like getting an oil change and changing HVAC air filters. 
Adjustments actions are behaviors like setting one’s water heater temperature to 120 degrees F 
and using the cold rinse setting on one’s washing machine. Daily actions are daily behaviors 
ranging from turning off lights and shutting down computers at night to carpooling and chaining 
errand trips. Dietz et al. (2009) also defined these five categories in terms of attributes they 
considered relevant to behavior engagement, namely, behavior frequency and financial cost. In 
terms of behavior frequency, weatherization, energy-efficient equipment, and adjustments 
actions are one-time behaviors while maintenance actions require multiple instances but fewer 
than daily actions. In terms of financial cost, weatherization and energy-efficient equipment 
actions involve investments, maintenance actions have a low financial cost and, like adjustments 
and daily actions, sometimes have no financial cost.  
Other domain-specific PEB categorizations exist as well. In studying the relationships 
between pro-environmental behaviors and evaluating consistencies across behavior performance 
in a UK population, Whitmarsh and O’Neill (2010) used principal component analysis on self-
report measures of past behavior to categorize PEBs, which resulted in eight domains of 
environmental behavior: waste reduction (e.g., recycling, composting), eco-shopping and eating 




(e.g., buying organic foods, reducing meat consumption), regular water and domestic energy 
conservation (e.g., taking shorter showers, turning off lights not in use), one-off domestic energy 
conservation actions (e.g., installing renewable energy system), eco-driving (e.g., braking or 
accelerating gently), political actions (e.g., taking part in a protest about an environmental issue), 
reducing car use (e.g., using alternative transportation) , and flying (e.g., reducing amount of 
flying). Some behaviors, however, fell within multiple domains. For example using alternative 
transportation, correlated highly with both eco-driving and reducing car use, and recycling 
correlated with waste reduction and regular water and domestic energy conservation (Whitmarsh 
& O’Neill, 2010).  
While categorizing PEBs by domain has allowed researchers to simplify the wide variety 
of environmental behaviors, whether a behavior falls within a particular domain has been 
determined by either how frequently people report engaging in the behavior (Stern, 2000; 
Whitmarsh & O’Neill, 2010) or by a few behavior attributes, such as financial cost, considered 
relevant by researchers (Dietz et al., 2009). Though understanding how often people engage in 
certain behaviors and the financial cost of those behaviors has use for identifying behaviors that 
ought to be targeted for intervention, it does not provide much insight into the specific behavior 
characteristics that contribute to people’s decision to engage in PEB.  
Curtailment versus Efficiency Upgrades 
Rather than classifying PEB into several narrowly refined categories, many researchers 
have used a simple dichotomous classification scheme (Barr, Gilg, & Ford, 2005; Gardner & 
Stern, 2008; Inskeep & Attari, 2014; Karlin et al., 2012; Laitner, Ehrhardt-Martinez, & 
Mckinney, 2009). Two types of household energy-saving actions constitute this classification 
(Figure 3): efficiency-improving actions, which mostly involve purchases, and curtailment 




actions, which involve decreasing the use of existing energy equipment (Gardner & Stern, 2008; 
Karlin et al., 2012). Examples of curtailment behaviors include turning off lights when not in use 
and reducing shower time. Under the domain-specific categorization by Dietz et al. (2009) these 
behaviors are daily actions. Marked by the need for financial investment, efficiency behaviors 
include purchasing and installing solar panels as well as upgrading to energy-saving appliances. 
Many efficiency actions fall into the domain of one-off domestic energy conservation actions 
proposed by Whitmarsh and O’Neill (2010), as well as energy-efficient equipment actions 
defined by Dietz et al. (2009) and purchasing actions defined by Barr et al., (2005). 
Most energy behavior researchers have defined efficiency and curtailment actions in 
terms of their opinion about the consumer cost and frequency of the action, with curtailment as 
low/no cost and high frequency and efficiency as high cost and one time/low frequency (Karlin 
et al., 2012; Laitner et al., 2009). Though researchers have commonly categorized behaviors 
based upon cost and frequency for decades (Black, Stern, & Elworth, 1985; Gardner & Stern, 
2002; Stern & Gardner, 1981), the relevance of these behavior attributes has not been determined 
through a systematic analysis of energy conservation behavior (i.e., through factor analysis of 
behavior intention or behavior attributes) until recently (Karlin et al., 2012). In an attempt to 
confirm a two-factor structure for energy conservation behavior, Karlin et al. (2012) conducted a 
factor analysis on self-reported behavior frequency of eight behaviors and found support for the 
curtailment-efficiency distinction. Karlin et al. (2012) noted, however, that this categorization 
has generally been presented as a dichotomy when, in actuality, each of the two factors, cost and 
frequency, could be viewed as having multiple levels or as continuous. Additionally, the 
common dichotomous approach has often led to neglect of low cost/low frequency behaviors 
(e.g., pulling one’s refrigerator away from the wall), which have otherwise been defined as 




maintenance behaviors (Karlin et al., 2012). With the exception of Dietz et al. (2009), 
researchers have included maintenance behaviors within other categories such as curtailment, 
because of the shared low cost attribute, and the broader domain of private-sphere behaviors 
(Barr et al., 2005; Stern, 2000). Researchers have also identified certain behaviors, such as 
checking one’s home for thermal leaks and weather stripping, as efficiency/purchasing actions 
because of their sizable energy savings. Such behaviors, however, could arguably fall within a 
category of maintenance behaviors because of their minimal cost and low frequency (Barr et al., 
2005).  
Intent vs Impact-Oriented Behaviors 
Although some researchers have focused on predicting actions taken with the intent to 
conserve natural resources (e.g., choosing to recycle because one believes doing so benefits the 
natural environment), the goals of more recent studies have been to predict and measure the 
actual environmental impact of people’s behavior.  Rather than measuring and predicting 
behaviors that people think will mitigate climate change, researchers, particularly those in the 
field of household energy use and conservation, have quantitatively measured or estimated 
energy conservation behavior in terms of kilowatt hours, Exajoules, or percent of energy saved 
by performing the behavior (Abrahamse & Steg, 2009; Dietz et al., 2009; Gardner & Stern, 
2008; Stern, 2000; Whitmarsh, 2009). Some researchers have classified environmental behaviors 
in these terms as intent-oriented behaviors, behaviors executed with the intention of altering the 
environment and impact-oriented behaviors, behaviors that actually change the availability of 
resources or energy from the environment, regardless of the motivation for adopting the behavior 
(Stern, 2000; Whitmarsh, 2009). Impact-oriented behaviors have been shown to yield energy 
savings and have the potential to contribute to substantial reductions in carbon emissions if 




adopted at a national scale (Dietz et al., 2009; Gardner & Stern, 2008; Vandenbergh, Barkenbus, 
& Gilligan, 2008). Researchers have identified energy saving behaviors and calculated the 
percentage of potential energy savings from these individual behaviors (Abrahamse & Steg, 
2009; Dietz et al., 2009; Gardner & Stern, 2008; Laitner et al., 2009; Vandenbergh et al., 2008).  
Interestingly, people who claim that they act with the intention of mitigating climate 
change do not actually conserve more energy than people who act without pro-environmental 
intent (Whitmarsh, 2009). This could result from people’s general misunderstanding of the 
environmental effects of their actions. People may believe that their behaviors result in energy 
conservation and intend to act pro-environmentally through certain actions but perhaps 
mistakenly engage in behaviors that result in little actual environmental impact (Attari, DeKay, 
Davidson, Bruine, & Bruin, 2010; Truelove & Parks, 2012; Whitmarsh, 2009).  
 Though the level of energy conservation of those who engage in intent-oriented behaviors 
appears negligible (Whitmarsh, 2009), value in predicting intent resides in the ability to 
understand individuals’ misperceptions of the effects of their actions and in the potential to 
develop interventions to change these behaviors (Stern, 2000; Whitmarsh, 2009). However, 
because PEBs differ along more than one dimension, this unidimensional characterization may 
be too simplistic for understanding the complex distinctions between behaviors.   
Toward a More Complete Categorization of Environmental Behavior 
 Learning from existing categorizations. The goal of creating a comprehensive 
categorization of environmental behavior requires selecting PEBs representative of the entire 
PEB spectrum. Though the goal of many existing categorizations has not been to classify all 
PEBs, the existing schemata can inform the selection of PEBs included in a complete 
categorization. Additionally, the existing categorizations of PEBs have been determined by 




either self-reported behavior frequency (Stern, 2000; Whitmarsh & O’Neill, 2010) or expert’s 
view of behavior frequency and cost (Gardner & Stern, 2008; Laitner et al., 2009). To obtain a 
more complete understanding of the similarities and differences between behaviors, other 
behavior attributes such as difficulty, financial savings, and environmental impact should be 
considered and evaluated concurrently (Karlin et al., 2012).  
  Though the intent-impact dichotomy has led to useful findings about the apparent 
mistranslation of pro-environmental intent into environmentally impactful behaviors, placing all 
impactful PEBs into one category does not allow for understanding distinctions between 
behaviors beyond that of quantifiable environmental impact. Similarly, the curtailment-
efficiency dichotomy also presents limitations for distinguishing between behaviors and has left 
little space for maintenance-type behaviors with researchers having often either failed to include 
maintenance behaviors in their studies or allowed the curtailment or efficiency categories to 
absorb them.  
 In contrast to the dichotomies of curtailment vs. efficiency behaviors and intent vs. 
impact behaviors, classifying PEBs into domains has allowed for the study of a sweeping 
number of environmental behaviors ranging from political behaviors to travel and domestic 
behaviors. The PEB classifications of Stern (2000), Dietz et al. (2009), and Whitmarsh and 
O’Neill (2010) cover a broad spectrum of behaviors. However, these classifications do share a 
limitation with that of the dichotomies: the use of a limited number of behavior attributes to 
determine the distinctions between behaviors.  
A comprehensive classification scheme of PEB should include behaviors that fall into 
each domain that has been investigated thus far (i.e., behaviors that represent each type of 
purpose) as well as behaviors that vary considerably on the attributes that have been used to 




categorize behaviors such as financial cost, frequency of action, and level of environmental 
impact (Dietz et al., 2009; Gardner & Stern, 2008; Inskeep & Attari, 2014; Karlin et al., 2012; 
Laitner et al., 2009; Whitmarsh & O’Neill, 2010). However, given that PEBs differ on attributes 
beyond these four dimensions such as perceived difficulty (Kaiser & Schultz, 2009), 
inconvenience, discomfort, and time requirement (Tobler, Visschers, & Siegrist, 2012) additional 
behavior attributes need consideration and should be integrated into a PEB classification (Karlin 
et al., 2012). Determining which additional behavior attributes are relevant requires not only an 
understanding of the attributes that have been studied thus far, but also an investigation into the 
attributes of PEBs that laypeople perceive. Until this point, researchers have categorized PEBs 
based upon one or two behavior attributes that the researchers themselves have deemed 
important. However, it is the laypersons’ behavior – not the researchers’ behavior – that 
intervention strategies are developed to change. Therefore, laypersons’ perceptions of PEBs 
should be weighted heavily, and perhaps more heavily than researchers’ perceptions, and used as 
a resource for determining relevant attributes.    
A PEB classification that 1) allows for the categorization of behaviors representative of 
the entire PEB spectrum and 2) integrates behavior attributes previously studied (e.g. financial 
cost, frequency, difficulty, behavioral cost, and impact) with attributes salient to the layperson 
may result in different behavior categories than what has been proposed before and provide 
useful information for predicting PEBs and developing effective PEB intervention strategies 
(Attari et al., 2010; Truelove & Parks, 2012). 
Applying methods from research on risk. Since the 1980s, researchers within the field 
of risk analysis have been examining laypersons’ and experts’ perceptions of risk (Slovic, 
Fischhoff, & Lichtenstein, 1980, 1982). Differences between laypersons’ and experts’ risk 




perceptions of ecological hazards have been well documented (Kraus & Al, 1992; McDaniels, 
Axelrod, & Slovic, 1995; Siegrist, Keller, Kastenholz, Frey, & Wiek, 2007; Wood, Kovacs, 
Bostrom, Bridges, & Linkov, 2012) and extend to medical risks (Lee, Mehta, & James, 2003) 
and risks of climate change (Lazo, Kinnell, & Fisher, 2000). Slovic et al. (1980) discovered 
distinct factors that underlie laypersons’ risk perceptions and used this information to 
differentiate 90 ecological hazards. To determine the relevant characteristics of risk for 
understanding laypersons’ risk perceptions of ecological hazards, Slovic et al., (1980) elicited 
information from focus groups rather than making conclusions exclusively from literature 
reviews and scientific theories.  
The goals of distinguishing between hazards based upon laypersons’ perceptions were to 
discover a method for predicting the public’s responses to ecological hazards and identify how to 
improve communication of risk information to the layperson (Slovic et al., 1980, 1982). The 
goals of research on categorizing PEBs are not dissimilar: our field seeks to discover how to best 
predict laypersons’ engagement in PEBs and identify how to increase these behaviors through 
interventions. Yet, we know little about both laypersons’ perceptions of PEBs and how PEBs 
systematically differ based on these perceptions.    
Discovering PEB attributes relevant to the layperson. With understanding how best to 
increase PEBs as the overarching goal of PEB categorization, the attributes used for 
categorization should bear relevance for behavior performance. McKenzie-Mohr’s Community-
Based Sustainable Marketing (2000) approach provides a guide for how laypersons’ perceptions 
of PEBs can be assessed, with a particular focus on uncovering the public’s perceived barriers 
and benefits to performing the behavior. Uncovering people’s mental models about PEBs 




provides key information on how to design strategies to increase PEB performance and can serve 
as the backbone for a framework to categorize PEBs.   
Present Studies. Through two studies, we apply the methods used by Slovic et al. (1980) 
of determining differences between hazards by way of laypersons’ perceptions toward the goal 
of creating a comprehensive categorization scheme of PEB. Slightly differing from the method 
that Slovic et al. (1980) used to identify relevant characteristics of risk – in-person focus groups  
– we identified relevant attributes of PEB through a review of attributes proposed in the literature 
thus far and a survey of laypersons. In Study 1, we utilized open-ended surveys to elicit 
information about laypeople’s perceived barriers and motivations to performing PEBs, following 
Mckenzie-Mohr's (2000) approach. We then used results from Study 1 to inform the 
development of closed-ended questions for Study 2, where a second sample of participants rated 
PEBs on various attributes; some that researchers have commonly considered and others that we 
became aware of through the open-ended responses provided by participants in Study 1. We 
aimed to answer the following questions in Study 2: 
1) What are the underlying dimensions of PEB based on laypeople’s perceptions of PEB 
attributes? 
2) How are PEBs characterized in terms of these dimensions? 
Study 1 
Method 
Participants. Adults were recruited to participate in a Qualtrics survey through Amazon 
Mechanical Turk. While not fully representative of the U.S population (e.g. MTurk participants 
have higher education), MTurk participants provide rapid, high-quality, and inexpensive data 
(Buhrmester, Kwang, & Gosling, 2011; Paolacci, Chandler, & Ipeirotis, 2010). Although 237 




individuals began the survey, 63 surveys were submitted without responding to any of the open-
ended questions, and 18 were submitted with less than 20% of the survey completed. These 
unfinished surveys were excluded from the sample and the resulting sample size was 157. No 
demographic differences were observed between individuals included in the final sample and 
those who were excluded. 
 Our final sample consisted of 57.3% women (n = 90) and 42.7% men (n = 67). 
Participants’ mean age was 37 years old and ranged from 21 to 71. Median income level was 
between $35,000 and $49,999. A large majority of our sample had either obtained a bachelor’s 
degree or completed some college (n = 102). Both Democrats, which were nearly 40% of the 
sample, and Independents outnumbered Republicans. Our sample was relatively evenly split 
between homeowners and renters with very few being neither (Table 1).  
Procedure and measures. After clicking a link to a Qualtrics survey, participants were 
prompted with a screen providing information about the study and asked to indicate whether they 
agreed to participate. All individuals who agreed to participate then completed a demographics 
questionnaire. Next, participants evaluated pro-environmental behaviors through three open-
ended questions. The behaviors were randomly assigned to each participant from a list of 30 pro-
environmental behaviors that was constructed based on a review of the energy conservation and 
environmental psychology literature (Dietz et al., 2009; Gardner & Stern, 2008; Gatersleben, 
Steg, & Vlek, 2002; Karlin et al., 2012; Laitner et al., 2009; Truelove & Parks, 2012; Whitmarsh 
& O’Neill, 2010). After completing the survey, participants were compensated $0.50.  
Data were collected in two batches. The first batch consisted of data from 34 participants 
in which each participant evaluated 10 behaviors. However, due to concerns about survey length 
we chose to collect the rest of our data having each participant evaluate only five behaviors.  




Pro-environmental behaviors. A list of 130 PEBs was composed from a thorough 
literature review. For practical reasons, thirty PEBs were selected for use in this study. These 
PEBs represent a wide range of behavioral domains (e.g. waste reduction, efficiency upgrades, 
transportation, water conservation, energy conservation, consumer behavior). Within each 
domain, we aimed to include behaviors that vary on dimensions of financial cost, frequency of 
behavior (i.e., how often the behavior would be performed by someone who typically engages in 
the behavior), and environmental impact in an attempt to develop a list of behaviors as 
comprehensive as possible (Table 2).   
 Perceptions of pro-environmental behaviors. Participants answered three open-ended 
questions about each of the behaviors they evaluated. The three items measured participants’ 
perceptions about (1) the purpose of the PEB (i.e., the reason why someone would perform the 
behavior), (2) the barriers that prevent someone from doing the behavior, and (3) the facilitators 
of the behavior (i.e., what circumstances make the behavior more likely to occur). Two raters 
coded the content of each response. Responses were coded by whether they contained the 
following words related to attributes of the behavior: financial cost, difficulty, inconvenience, 
time, discomfort, environmental impact, frequency, and knowledge. Additional categories for 
coding were developed during the coding process for responses that did not fall into the 
predetermined categories. No limits were set for how many categories a response could be coded 
under. Percent agreement between raters ranged from 88.75% and 98.96% with the exception 
environmental impact, which had a percent agreement of 73.13%. In cases of disagreement, 
coder one’s coding was used.  
 
 




Results and Discussion 
To determine which attributes mentioned by participants would inform the development 
for items in Study 2, we calculated the proportion of responses that were coded for each attribute 
and selected attributes that were mentioned in 10% of total responses and 10% of responses for 
individual behaviors (Table 2). Under these criteria the following attributes were determined 
most salient to laypersons: financial cost, inconvenience, time, discomfort, environmental 
impact, health impact, habit, environmental savings, structural influences, influences on safety, 
weather influence, effect of material quality (i.e., impact on the quality or value of material 
goods), proneness to social pressures (e.g., descriptive norm, media influence, general pressure 
from society), self-efficacy, animal welfare, ignorance (i.e., the degree to which a behavior is 
known about) and “forget-ability” (i.e., likelihood of being forgotten). As seen in Table 2, 
financial cost, environmental savings, environmental impact, ignorance, time, inconvenience, 
health impact, and structural influences were mentioned in at least 10% of total responses. The 
other selected attributes were not mentioned in 10% of total responses but were mentioned in 
over 10% of responses about multiple specific behaviors. For example, safety influences were 
mentioned in 7% of total responses but were mentioned in 60% of responses about reducing 
highway speed and 34% of responses about adjusting the temperature of one’s water heater.  
Through our investigation of laypersons’ PEB perceptions, we identified a number of 
attributes such as health impacts, structural influences, and safety influences that have, as far as 
we know, not previously been used to characterize PEB. Yet, from our results, these attributes 
are relevant to the layperson in their evaluation of PEB. Some other attributes were not salient to 
our participants, such as frequency and difficulty, but have been emphasized in previous research 
and, as such, should be included in any investigation into the dimensionality of PEB (Kaiser & 




Schultz, 2009; Karlin et al., 2012). Additionally, though our participants rarely used the word 
‘difficult’ to describe PEB, other more specific salient attributes (e.g., efficacy, structural 
influences, inconvenience), could be facets of difficulty that represent reasons why particular 
PEBs may be perceived as difficult. In this sense, difficulty could be a dimension of PEB that 
underlies a number of other attributes, theoretically. This highlights two points: 1) discrepancies 
between expert and layperson perspectives do not preclude either perspective from its inherent 
value and 2) the numerous attributes of PEB may be explained by a fewer number of underlying 
dimensions. To discover the dimensions of PEB that underlie these salient attributes and 
determine the similarities and differences of PEBs based upon those identified dimensions, we 
move to our second study in which participants evaluated PEBs on a comprehensive list of 
attributes comprised of attributes relevant to both researchers and laypersons. 
Study 2 
Method 
Participants. Adults in the U.S. were recruited to participate in a Qualtrics survey 
through Amazon Mechanical Turk. Out of the 301 individuals who began the survey, 31 failed to 
complete the PEB attribute measures. These incomplete surveys were excluded from the 
analyses in addition to those with survey completion times two standard deviations above the 
mean. The resulting sample size was 266.  
A minority of participants, though having completed the PEB attribute measures, did not 
complete all demographic questions. Table 1 provides detailed demographic information. Our 
sample was 58.6% female (n = 156). Participants’ age ranged from 18 to 70 with a mean of 36. 
The median income level fell between $35,000 and $49,999. Similar to Study 1 and what would 
be expected from an MTurk sample (Buhrmester et al., 2011; Paolacci et al., 2010), participants 




were relatively well-educated, with 68.4% having attended some college or possessing either an 
associate’s or bachelor’s degree. A majority of the sample (56.8%) identified as Democrats (see 
right hand panel of Table 1).  
Procedures and measures. As with Study 1, participants clicked a link to a Qualtrics 
survey. The initial screen displayed information about the study and an option for individuals to 
agree or decline to participate. After completion of the demographics questionnaire, participants 
were asked to rate each of the 74 PEBs on two attribute items and one self-reported behavior 
measure, with both the attribute and behavior items randomly assigned (Table 3). The average 
number of participants who rated the PEBs on a given attribute was 25, with a minimum of 14 
and a maximum of 36. After rating the behaviors, participants completed measures of 
environmental self-identity, environmental concern, environmental values, and global 
warming/climate change beliefs – none of which were used in the analyses for this study. 
Participants were compensated $1.00 after completing the survey. 
 Pro-environmental behaviors. The 74 PEBs used in this study were selected from the 
same list of 130 PEBs as in Study 1 with 30 of the 74 PEBs identical to those used in Study 1. 
This expanded set of PEBs was meant to represent as diverse and comprehensive a list as in 
Study 1, with the 44 additional PEBs selected varying by domain, financial cost, behavior 
frequency, and environmental impact (Table 2).  
Attributes of pro-environmental behavior. The items used to measure participants’ 
perceptions about attributes of PEBs were based upon results from Study 1. Participants’ 
perceptions about the following attributes of PEBs were measured on semantic differential scales 
with values from 1 to 9: financial cost, difficulty, frequency, inconvenience, time, discomfort, 
environmental impact, health impact, habit, environmental savings, structural influences, 




influences on safety, weather influence, effect of material quality (i.e., impact on the quality or 
value of material goods), proneness to social pressures (e.g., descriptive norm, media influence, 
general pressure from society), self-efficacy, animal welfare, ignorance (i.e., the degree to which 
a behavior is known about) and “forget-ability” (i.e., likelihood of being forgotten). Exact items 
and response options are provided in Table 4.   
Self-reported behavior. Two items were used to measure self-reported behavior with one 
item measuring past behavior and one measuring future intention.  Response options for the past 
behavior item ‘Please indicate the best estimate of how often you have engaged in this behavior 
in the past’ were ‘Never’, ‘Less frequently than once per year’, ‘Once per year’, ‘Once every six 
months’, ‘Once every three months’, ‘One or more times per month’, ‘Once per week’, ‘Multiple 
times per week’, and ‘One or more times per day.’  A 1 (extremely unlikely to do it) to 9 
(extremely likely to do it) scale was used to measure behavior intention on the item ‘How likely 
is it that you will do this behavior within the next 6 months?’ 
 Pro-environmental self-identity measure. Measurement of pro-environmental self-
identity was adapted from Whitmarsh and O’Neill's (2010) Pro-environmental Self-identity 
scale. A 1 (strongly disagree) to 7 (strongly agree) scale was used to measure pro-environmental 
self-identity on the following six items: ‘I think of myself as an environmentally-friendly 
consumer’, ‘I think of myself as someone who is very concerned with environmental issues’, ‘I 
would be embarrassed to be seen as having an environmentally-friendly lifestyle’ (reverse-
scored), ‘I would not want my family and friends to think of me as someone who is concerned 
about environmental issues’ (reverse-scored), ‘To engage in environmentally-friendly behavior is 
an important part of who I am’, ‘I am not the type of person oriented to engage in 
environmentally-friendly behavior’ (reverse-scored). 




 Environmental concern. Measures of environmental concern were based on Snelgar’s 
(2006) version of Schultz’s (2000) environmental motives scale.  A 1 (not important) to 7 
(supreme importance) scale was used to measure environmental concern on 13 items where the 
statement ‘I am concerned about environmental problems because of the consequences for 
______’ is followed by ‘me’, ‘my future’, ‘my lifestyle’, ‘my health’, ‘my prosperity’, 
‘humanity’, ‘children’, ‘people in the community’, ‘future generations’. ‘plants’, ‘marine life’, 
‘birds’, and ‘animals.’ 
 Global warming/climate change beliefs. Measurement of climate change beliefs was 
adapted from Leiserowitz, Maibach, Roser-Renouf, and Smith (2010). Responses to four items 
were used to measure climate change beliefs. The items with the response options include (1) 
‘Which comes closer to your own view?’, ‘Global warming is happening’, ’Global warming is 
not happening’, ‘Don’t know enough to say’, (2) ‘Assuming global warming is happening, do 
you think it is…’, ‘Caused mostly by human activities’, ‘Caused by human activities and natural 
changes’, ‘Caused mostly by natural changes in the environment’, ‘None of the above because 
global warming isn’t happening’, ‘Other (Please specify)’, ‘Don’t know’, (3) ‘Which comes 
closer to your own view?’, ‘Most scientists think global warming is happening’, ‘There is a lot of 
disagreement among scientists’, ‘Most scientists think global warming is not happening’, ‘Don’t 
know enough to say’, and (4) ‘Personally, how well informed do you feel you are about global 
warming?’, ‘Very well informed’, ‘Fairly well informed’, ‘Not very well informed’, ‘Not at all 
informed.’ 
 Environmental values. Measures of environmental values were based on de Groot and 
Steg (2008) and Stern's (2000) version of Schwartz’s value scale (1992). Environmental values 
were measured on a -1 (opposed to my values) to 7 (extremely important to my values) scale on 




the items ‘Social power’, ‘Wealth’, ‘Authority’, ‘Influential’, ‘Ambitious’, ‘Equality’, ’A world 
at peace’, ‘Social justice’, ‘Helpful’, ‘Preventing pollution’, ‘Respecting the earth’, ‘Unity with 
nature’, and ‘Protecting the environment.’ 
Results 
Mean attribute ratings. We followed a similar procedure to that of Willis, DeKay, 
Fischhoff, and Morgan (2005) and McDaniels, Axelrod, and Slovic (1995) in analyzing the data 
from Study 2. In the initial step of data analysis, we recoded the 1 to 9 scale into a – 4 to +4 scale 
with a midpoint at 0 , to highlight the positive and negative dimensions of each attribute 
(McDaniels et al., 1995). Items were reverse-scored in cases in which the negative dimension 
(i.e., lower scores) of the attribute represents a barrier to behavior. Items in which the positive 
dimension of the attribute already represented a barrier (e.g., discomfort, financial cost) or the 
attribute represented a consequence (i.e., benefit) of the behavior (e.g., environmental impact, 
financial savings, animal welfare) were not reverse-scored (Table 4).  Next, mean responses 
across all individuals were calculated for each scale item and a data matrix of item inter-
correlations was created.  
 Factor analysis of item inter-correlations. Sizable correlations between items may 
suggest the existence of underlying dimensions that explain the overall observed variance. Factor 
analysis of item inter-correlations, calculated from responses aggregated across individuals, has 
been used in risk perception studies to determine whether such dimensions exist (McDaniels et 
al., 1995; Slovic et al., 1980). We used this traditional psychometric approach to identify the 
dimensions of PEB.  
We conducted an exploratory factor analysis on the inter-correlations among mean 
attribute ratings using maximum likelihood and the oblique promax rotation method. We omitted 




six attributes (i.e., animal welfare, habit, difficulty, descriptive norm, self-efficacy, and 
procedural knowledge) due to high multicollinearities (model determinants < .00001 and 
correlations with other variables > .73) or a factor loading greater than 1 with a negative residual 
variance (Heywood case). Four factors with eigenvalues greater than 1.0 emerged from the 
analysis as the most interpretable solution, with the factors explaining 73% of the total variance 
in mean attribute ratings.   
Table 5 displays the rotated factor pattern and inter-factor correlations. Attributes related 
to personal costliness of PEBs loaded on Factor 1, which we labeled financial and behavioral 
cost. Injunctive norms and cold weather and structural influences loaded on Factor 2, which we 
labeled external pressures. Environmental impact, financial savings, and environmental 
knowledge loaded on Factor 3, with environmental knowledge loading negatively. We labeled 
this factor environmental impact and savings. Factor 4 consisted of attributes related to health 
and safety and, thus, we labeled the factor health and safety impacts. The influence of hot 
weather, which can act as an external pressure and is conceptually related to health and safety, 
was split between Factors 2 and 4, with a positive loading on Factor 2 and negative loading on 
Factor 4, though neither loading was above .40. ‘Forgetability’ also split between Factors 2 and 
3, with a positive moderate loading on Factor 2 and negative moderate loading on Factor 3.  
Financial and behavioral cost (Factor 1) was moderately correlated with external 
pressures (Factor 2) and health and safety impacts (Factor 4) but weakly correlated with 
environmental impact and savings (Factor 3). External pressures (Factor 2) was highly correlated 
with both environmental impact and savings (Factor 3) and health and safety impacts (Factor 4). 
Financial and environmental savings (Factor 3) was also highly correlated with health and safety 
impacts (Factor 4).  




PEB perception maps. Figure 4 displays the relative orientation of the 74 PEBs in terms 
of financial and behavioral cost (Factor 1; horizontal axis) and external pressures (Factor 2; 
vertical axis). Because the attribute items that constitute these factors were scored as to highlight 
their influence as barriers to PEB, behaviors that score positively on Factor 1 have greater 
financial and behavioral costs and those that score positively on Factor 2 are strongly 
discouraged by external pressures. As such, in Figure 4 behaviors on the lower end of Factor 2 
are perceived as encouraged by external pressures while behaviors on the upper end are 
perceived as discouraged. On the horizontal axis, behaviors on the far left are perceived as 
having little financial and behavioral cost while behaviors on the far right are perceived as very 
costly. Behaviors within the upper right quadrant are costly and discouraged by external 
pressures. Those within the upper left quadrant have little cost but are discouraged by external 
pressures. The lower left quadrant consists of behaviors with little cost that are encouraged by 
external pressures. Behaviors that are costly but encouraged by external pressures fall within the 
lower right quadrant.  
Two-dimensional maps were made for all other combinations of factors (i.e., financial 
and behavioral cost (Factor 1) and environmental impact and savings (Factor 3), financial and 
behavioral cost (Factor 1) and health and safety impact (Factor 4), external pressures (Factor 2) 
and environmental impact and savings (Factor 3), external pressures (Factor 2) and health and 
safety impact (Factor 4), and environmental impact and savings (Factor 3) and health and safety 
impact (Factor 4) and are displayed in the Appendix. 
Detail on the perceptions of specific PEBs is shown in Table 6, which lists the 10 highest 
and 10 lowest scoring PEBs on each of the four factors. As expected, the PEBs scoring highest 
on financial and behavioral cost are energy-efficiency upgrades such as installing a renewable 




energy system, buying a fuel-efficient vehicle, and installing energy-efficient windows. Due to 
its perceived behavioral cost, protesting about an environmental issue also scored highly on this 
factor. Scoring lowest on financial and behavioral cost are daily domestic behaviors like turning 
off lights, ceiling fans, and tap water when not in use, which are common curtailment behaviors. 
PEBs most discouraged by external pressures include activism-type behaviors like protesting, 
actively participating in local environmental groups, and writing to government officials about 
environmental issues. Additionally, alternative transportation behaviors like carpooling and 
walking/cycling to places within 1 mile and certain eating behaviors like choosing a vegetarian 
meal and buying local produce are also perceived as discouraged by external pressures. 
Interestingly, many of these same activism and eating behaviors are also perceived as having a 
low environmental impact and savings. Behaviors perceived as having the greatest 
environmental impact and savings include both efficiency and curtailment behaviors like 
installing an energy-efficient heating system and waiting until the dishwasher is full before 
running. Planting a tree also scored highly on this factor. Having the lowest perceived health and 
safety impacts are activism behaviors, especially protesting, in addition to purchasing second-
hand clothing, and insulating one’s radiator. Behaviors perceived as highest in health and safety 
impacts are gardening/home lawn behaviors like planting a tree, native plants, and a home 
garden along with maintaining correct car tire pressure.  
Using PEB perceptions to predict behavior intention. Following the method we used 
with responses to the PEB attribute measures, we similarly aggregated responses to the behavior 
intention measure across all participants. To assess the usefulness of the four factors of PEB 
attributes, we regressed the mean ratings for the behavior intention measure onto the PEB 
perception factor scores. The four factors combined explained 88 % of the total variance in 




behavior intention, F (4, 73) = 120.22, p < .001. As expected, greater willingness to engage in 
PEB was associated with perceptions of lesser costliness (Factor 1) and greater encouragement 
by external pressures (Factor 2). Additionally, the more participants perceived PEB as having 
positive health and safety impacts (Factor 4), the more willing they were to engage in PEB. 
However, this was not the case with perceptions of environmental and financial savings (Factor 
3), which did not predict PEB intention (Table 7).  
General Discussion 
Through these studies we sought to gain a fuller understanding of the dimensionality and 
characterization of PEB among laypeople. The following sections present a summary and 
discussion of findings, limitations, and suggestions for future research. 
Results summary and integration with literature  
Using a combination of approaches (i.e., Community-Based Social Marketing 
(Mckenzie-Mohr, 2000) and the psychometric paradigm of risk perception (Slovic et al., 1980, 
1982) we determined the PEB attributes salient to the layperson and identified four dimensions 
underlying PEB perceptions. This is the first attempt we know of to characterize a 
comprehensive list of PEBs through a systematic analysis of an exhaustive number behavior 
attributes. Our results contain both novel findings and findings consistent with previous research.  
That people misperceive the environmental consequences of PEBs, either as a result of 
poor estimation or lack of knowledge, is well supported (Attari et al., 2010; Attari, 2014; 
Truelove & Parks, 2012). We found, by looking at how PEBs score on the factor environmental 
impact and savings, multiple instances of misperception. Turning off the lights when not in use 
scored highly on environmental impact and savings, when the relative impact of this behavior is 
miniscule. This finding is consistent with a study by Attari et al. (2010) in which turning off the 




lights was most often mentioned as the single-most effective action for conserving energy. 
People not only overestimate the impact of small-impact behaviors but also underestimate the 
impact of large-impact behaviors. Behaviors involving the reduction of meat consumption (e.g., 
choosing a vegetarian meal over a beef dish and eating a vegetarian diet one day a week) have 
significant environmental consequences and yet, consistent with a study by Truelove and Parks 
(2012), our sample perceived these behaviors as having little impact. Additionally, that people’s 
perceptions of environmental impact and savings did not predict their intention to engage in PEB 
may indicate that these consequences play an insignificant role in their decision-making process.   
Besides highlighting misperceptions of environmental impact, characterizing PEBs 
according to the identified factors revealed another trend – domain-specific clustering. Different 
domains of PEB appeared to cluster together on factors 1 and 3. One-off efficiency upgrade 
behaviors clustered toward the high end on the dimension of financial and behavioral cost. 
Conversely, daily domestic behaviors (energy/water conservation and recycling behaviors) 
clustered toward the low end of this dimension. Activism-type behaviors clustered tightly on the 
low end of environmental impact and savings. These results seem to give some credence to 
domain-specific characterizations of PEB. However, when we used multiple dimensions to 
organize PEBs (see factor plots in Appendix), domain clusters tended to disperse. While our 
major criticisms of domain-specific categorizations are that they have been determined by either 
one dimension (self-reported behavior frequency) or by researchers’ own perception, it appears 
that – from the laypeople’s perception – domain-specific categorizations only emerge if the focus 
is unidimensional.  
The clustering of efficiency upgrade behaviors and daily domestic (i.e., curtailment) 
behaviors on the high and low ends, respectively, of financial and behavioral cost has pivotal 




implications for the curtailment-efficiency categorization. Though used widely for decades, the 
two-dimensional categorization has recently come under scrutiny (Karlin et al., 2012). One 
major criticism of this categorization is that, though the two-dimensional structure theoretically 
allows for at least four categories of behavior, it is usually presented as a dichotomy; as if the 
two dimensions (financial cost and behavior frequency) always covary and result in two types of 
behavior (Karlin et al., 2012). We argued, in line with Karlin et al. (2012), that the existence of 
low cost, low frequency (maintenance) behaviors undermines this dichotomy and calls for an 
expansion of our conceptualization of PEB. Our own results, however, demonstrate that financial 
cost and behavior frequency covary to such an extent as to be explained by a single dimension – 
financial and behavioral cost. Consequently, this result would seem to support the idea of a 
dichotomous scheme with efficiency upgrades scoring highly on this ‘cost’ dimension and 
curtailment behaviors scoring lowly. A characterization in which cost and frequency are two 
sides of the same coin is incompatible with a characterization that defines maintenance behaviors 
as infrequent and low cost. However, that maintenance behaviors in our study were scored 
exclusively in the mid-range on this dimension – between the efficiency and curtailment clusters 
– indicates that maintenance behaviors might be better defined as moderately costly. If 
maintenance behaviors were categorically infrequent and low cost, it is unlikely that their ‘cost’ 
scores would confine around the mid-point; we would expect them, rather, to cluster near 
curtailment behaviors. We argue that this result is likely due to these behaviors having a greater 
cost than researchers have assumed and that the inclusion of behavioral cost contributes 
substantially to this observation. From this, we conclude that rather than categorizing behaviors 
within a dichotomy or flawed two-factor structure, it may be of more use to characterize them 
according to a single cost continuum, which includes financial and behavioral costs.  




Limitations and suggestions for future research 
One limitation of this research involves the use of MTurk samples, which are generally 
more educated than the American public and disproportionately female (Paolacci et al., 2010). 
Our samples were similar to other MTurk samples in both of these ways. However, they were 
less skewed toward female than the typical MTurk sample, which is about 65% female, with 
57% in Study 1 and 59% in Study 2 (Paolacci et al., 2010). The majority of participants also 
identified themselves as Democrats, which departs from recent Gallup (2015) polls that show 
Independents now in the majority. Given their education level and political leaning, the present 
study samples may have had greater knowledge about the environment than the average public 
member. However, that we still identified a number of misperceptions demonstrates that our 
results were not likely constrained by this potentiality. Additionally, the use of MTurk samples 
allowed us to both rapidly collect data from hundreds of participants all around the U.S. and 
gather in-depth responses to open-ended survey questions. While the variation of our 
participants’ geographic location within the U.S. strengthens the claim of representativeness, we 
suggest that future research focus on specific populations as well. Many barriers to engaging in 
PEBs are community-specific and can vary according to geographic location. Applying the 
methods we used for determining salient PEB attributes and PEB dimensions within specific 
communities would be a useful test of measurement invariance, either confirming or 
disconfirming the factor structure we found. Other populations to consider for tests of 
measurement invariance include birth cohorts, genders, and segments of “Global Warming’s Six 
Americas” (Leiserowitz et al., 2010).   
Another limitation of this research concerns our measurement of PEB perceptions. 
Participants rated each of the 74 behaviors on the attributes randomly assigned to them, with 




every behavior ultimately rated on every attribute. However, not every attribute was necessarily 
salient for every behavior or for every participant. A number of the attributes used in Study 2 
were salient for a minority of PEBs in Study 1 and by asking about non-salient attributes we 
likely introduced information into participants’ thoughts that might not be part of their 
spontaneous evaluation process. Nevertheless, the fact that we developed our closed-ended 
questions from open-ended responses given by a similar sample, our measurement error is 
expected to be lower than that of traditional quantitative surveys. The benefits we have gained 
from the aggregate approach to uncovering laypeople’s perceptions have allowed us to 
categorize a wide range of PEBs on a wide range of attributes. Nonaggregated approaches can be 
built from this study by zeroing in on a subset of behavior shown to be meaningful to laypeople 
based on the present results.  
In addition to recommending the application of this research with community samples, 
we also suggest that future research utilizes these results to test theories of positive and negative 
spillover of PEB.  In their theoretical framework of PEB spillover, Truelove et al. (2014) 
hypothesized that behavior similarity and behavior difficulty moderate spillover effects.  
Behavior similarity can be thought of in a number of different ways (e.g., goal, level of impact, 
cost) and we have illustrated the similarity of behaviors on multiple dimensions. Additionally, 
the PEB dimensions financial and behavioral cost and external pressures function conceptually 
as two types of barriers to PEB and thus may provide a novel perspective on behavior difficulty.  
While Kaiser and Schultz (2009) provide a robust measure of PEB difficulty, which assesses 
difficulty based on the proportion of people that perform each behavior, the reasons why people 
perceive particular behaviors as difficult (either because of cost and/or external pressures) could 
be more relevant to hypothesized spillover effects.  




Ultimately, this systematic method of characterizing PEBs according to laypeople’s 
perceptions functions as a tool both for testing theory and designing behavioral interventions. 
Applying this method within a target population can aid in the first two steps of designing PEB 
interventions: selecting specific behavior(s) and choosing appropriate strategies (Mckenzie-
Mohr, 2000; Schultz, 2014; Steg & Vlek, 2009).  Both steps involve eliciting information from 
the target population on the barriers and benefits to PEBs, as we did in Study 1. Organizing 
PEBs based on the perceptions of behaviors’ benefits and barriers that emerge, as we did in 
Study 2, can inform intervention strategists about 1) which PEBs would be the easiest or most 
difficult to change and 2) which strategies would be most likely to succeed for a given behavior 
or set of behaviors. The easiest PEBs to change theoretically would be those that have high 
benefits and low barriers, which corresponds with high scores on Factors 3 and 4 and low scores 
on Factors 1 and 2, while the most difficult PEBs to change would be those with low benefits 
and high barriers, which corresponds with low scores on Factors 3 and 4 and high scores on 
Factors 1 and 2. Choosing the most effective intervention strategy to use depends also on the 
behaviors’ combination of benefits and barriers. Based on a review of PEB interventions, Schultz 
(2014) hypothesized a classification of interventions in terms of benefits and barriers. He posited 
that social modeling strategies are most effective for low benefit/low barrier behaviors, 
incentives for low benefit/high barrier behaviors, information for high benefit/low barrier 
behaviors, and commitments for high benefit/high barrier behaviors (Schultz, 2014). Applying 
the methods used in this study can provide this very information to those who seek to change 
behavior and guide them toward the strategy most likely to succeed.  
 
 




Figure 1. Stern’s (2000) Classification of Environmentally Significant Behavior
 





Weatherization Equipment Maintenance Adjustments Daily 
	  
	   Environmentally significant behaviors	  
	   Activism	   	  Non-activist public sphere	   	   Private-sphere	  
	  
Purchase of major 







	  Waste disposal	   	   Green consumerism	  
	   Other	  





Figure 3. Categories of Household Behaviors that Impact Energy Use by Cost and Frequency 
(Karlin et al., 2012; Laitner, Ehrhardt-Martinez, & Mckinney, 2009) 
 
 

















Pull fridge away from wall 
Install weather stripping 
Maintain proper tire pressure 
Curtailment 
Reduce highway speed 
Turn off electronics 
Wait until dishwasher is 



























Demographic Characteristics of Participants Study 1 (N = 157) and Study 2 (N = 266) 
Characteristic 
Study 1 Study 2 
n % n % 
Sex     
Female 90 57.3 156 58.6 
Male 67 42.7 109 41.0 
Age     
21-30 53 33.8 98 36.8 
31-40 46 29.3 91 34.2 
41-50 20 12.7 40 15.0 
51-60 23 14.6 24 9.0 
61 and above 11 7 8 3.0 
Race     
White 128 82.1 211 79.3 
Black, African American 7 4.5 21 7.9 
Asian 13 8.3 21 7.9 
American Indian or Alaska Native 1 .6 3 1.1 
Other 7 4.5 8 3.0 
Income ($)     
Less than 15,000 22 14 21 7.9 
15,000 to 24,999 25 15.9 53 19.9 
25,000 to 34,999 27 17.2 60 22.6 
35,000 to 49,999 20 12.7 20 7.5 
50,000 to 74,999 10 6.4 19 7.1 
75,000 to 99,999 4 2.5 9 3.4 
100,000 to 124,999 4 2.5 8 3.0 
125,000 to 149,999 27 17.2 28 10.5 
150,000 and over 17 10.8 48 18.0 
Highest education level completed     
Some high school, no degree 3 1.9 3 1.1 
Trade/technical/vocational training 3 1.9 7 2.6 
High school degree 13 8.3 32 12.0 
Some college, no degree 42 26.8 58 21.8 
Associate’s degree 13 8.3 34 12.8 
Bachelor’s degree 60 38.2 90 33.8 
Graduate degree 23 14.6 42 15.8 
Political Identity     
Democrat 61 38.9 126 56.8 
Republican 28 17.8 55 12.2 
Independent 43 27.4 56 21.6 
No affiliation 17 10.8 20 5.4 
No preference 6 3.8 7 2.7 
Other 2 1.3 2 1.4 






Demographic Characteristics of Participants Study 1 continued 
 
Characteristic 
Study 1 Study 2 
n % n % 
Home ownership     
Own 73 46.8 111 41.7 
Rent 71 45.5 138 51.9 
Neither 12 7.7 15 5.6 
Car ownership     
Yes 143 91.1 238 89.5 






















Table 2  
Percentage of Participants Mentioning Attributes in PEB Evaluation 
 
Attribute 
% mentioning attribute 
across all PEBs 
% mentioning attribute for specific PEBsa 
Financial cost 60% - 
Environmental savings 32% - 
Environmental Impact 28% - 
Ignorance 19% - 
Time 16% - 
Inconvenience 12% - 
Health Impact 10% - 
Structural influences 10% - 
Effect on quality of goods 8% 72% Getting frequent car tune-ups 
 
 46% Choosing local produce 
 
 21% Adding insulation to attic 
Safety 7% 60% Reducing highway speed 
 
 34% Adjust water heater temperature 
 
 25% Unplugging TV 
Social pressures 7% 30% Protesting about an environmental issue 
 
 20% Donating to an environmental organization 
 
 19% Replacing vehicle with fuel-efficient vehicle 
Self-efficacy 6% 37% Adjusting water heater temperature 
 
 32% Caulking/weather-stripping doors 
 
 21% Insulating water heater 
Animal welfare 6% 80% Choosing cage-free animals 
 
 
67% Choosing meat from open-pasture raised 
animals 
 
 35% Choosing vegetarian meal 
Weather Influence 6% 48% Taking alternative transportation 
 
 43% Caulking/weather-stripping doors 
 
 30% Adding insulation to attic 
Discomfort 5% 51% Adjusting thermostat in the summer 
 
 37% Shortening shower by 1 min 
 
 31% Carpooling 
Habit 3% 13% Turning off lights 
 
 12% Turning off tap 
 
 11% Idling car no longer than 30 sec 
Tendency to forget 3% 29% Unplugging TV 
 
 17% Getting frequent tune-ups 
 
 16% Turning off lights 
aPercentages for specific behaviors are included for attributes that were mentioned in less than 10% of total 
PEB evaluations 
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Table 3  
 




 Domain Curtailment/Efficiency 
Pro-environmental Behaviors Stern (2000) 
Dietz et al. 
(2009)   
Add curtains in home to retain cool air in summer Purchase of household goods W E 
Add curtains in home to retain heat in the winter Purchase of household goods W E 
Add insulation material to home attic Purchase of household goods W E 
Adjust thermostat up 2 degrees in the summer Use of household goods D C 
Adjust water heater to no higher than 120 degrees F Use of household goods A C and E 
Apply insulation to heating pipes Purchase of household goods W E 
Apply insulation to home water heater Purchase of household goods W E 
Apply insulation to radiator Purchase of household goods W E 
Avoid buying non-local produce Consumerism - - 
Avoid buying products that are tested on animals Consumerism - - 
Boycott companies with poor ecological practices Consumerism - - 
Buy low-rolling resistance tires Purchase of household goods E E 
Buy products with less packaging Consumerism - - 
Carpool Use of household goods D C 
Caulk/weather-strip doors and windows of home Purchase of household goods W E 
Change home HVAC air filters monthly Use of household goods M E 
Check home for thermal leaks Use of household goods M - 
Check toilet tank for leaks Use of household goods M - 
Choose a vegetarian meal over a beef dish Consumerism  - - 
Choose cage-free eggs  Consumerism - - 
Choose meat from open-pasture raised animals Consumerism  - - 
Clean refrigerator coils at least once per year Use of household goods M E 
Combine errand trips to reduce mileage you drive Use of household goods D C 
Compost kitchen waste Waste disposal - - 
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Cut down on the amount you fly - - - 
Donate to an environmental organization - - - 
Drive economically Use of household goods D C 
Eat a vegetarian diet one day a week  Consumerism  - - 
Get electronics repaired instead of buying new - - - 
Get frequent tune-ups, including air filter changes Use of household goods M C and E 
Install a low-flow shower head Purchase of household goods E E 
Install a renewable energy system in home Purchase of household goods E E 
Install an energy-efficient heating system Purchase of household goods M E 
Install an energy-efficient refrigerator Purchase of household goods E E 
Install an energy-efficient washing machine Purchase of household goods E E 
Install an energy-efficient water heater Purchase of household goods E E 
Install energy-efficient windows Purchase of household goods M E 
Line dry laundry Use of household goods D C 
Maintain correct tire pressure Use of household goods M E 
Move thermostat down 2 degrees in the winter Use of household goods D C 
Participate in local environmental group Activism - - 
Plant a home garden to grow fruits or vegetables  - - - 
Plant a tree - - - 
Plant native plants in home garden  - - - 
Print double-sided Use of household goods D C 
Pull refrigerator at least 4 inches away from wall Use of household goods A - 
Purchase clothing from second-hand stores  Consumerism - - 
Recycle electronics (such as batteries or cell phones) Waste disposal - - 
Recycle glass Waste disposal - - 
Recycle paper products  Waste disposal - - 
Reduce highway speed from 70 to 60 mph  Use of household goods D C 
Reduce the number watering days for home lawn Use of household goods - - 
Reduce the use of synthetic fertilizers on home lawn - - - 
Replace current vehicle with a fuel-efficient vehicle Purchase of household goods E E 
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Shut down computer at night Use of household goods D C 
Sign a petition about an environmental issue Non-activist public - - 
Switch to energy-efficient light bulbs Purchase of household goods E C and E 
Take a shower shorter than 5 minutes Use of household goods D C 
Take part in a protest about an environmental issue Activism - - 
Turn off car if idling longer than 30 seconds  Use of household goods D C 
Turn off ceiling fan when not in use Use of household goods D C 
Turn off lights when not in use Use of household goods D C 
Turn off the tap while brushing teeth Use of household goods D C 
Unplug television when not in use  Use of household goods D C 
Use a reusable container for drinks - D - 
Use environmentally friendly cleaning products Consumerism - - 
Use cold wash/rinse settings for washing machine Use of household goods A C 
Use only reusable shopping bags - D - 
Use paper products made from recycled material Consumerism - - 
Vote for pro-environmental policy Non-activist public - - 
Wait until clothes washing machine is full before use Use of household goods D C 
Wait until dishwasher is full before running Use of household goods D C 
Walk/cycle instead of driving to places within 1 mile Use of household goods D C 
Write to gov’t official about an environmental issue Activism - - 
Note: Behaviors in italics were included in both Studies 1 and 2    
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Table 4 
Attribute and Dependent Variable Scale Items 
    Scale Endpoints 
Attribute Wording of Survey Question Low (1) High (9) 
Animal Welfareb If you did this behavior, how much of a positive impact would it have on the well-being of animals? No impact Very large impact 
Behavior Intentiona How likely is it that you will do this behavior within the next 6 months? Extremely unlikely to do it 
Extremely likely to 
do it 
Cold Weather 
Influences If you did this behavior, how much would cold weather encourage or discourage you? 
Strongly 
discourage Strongly encourage 
Descriptive Normb How many of your friends and family members do this behavior? None of them All of them 
Difficultyb If you did this behavior, how easy or difficult would it be? Very difficult Very easy 
Discomfort If you did this behavior, how would it affect your discomfort? Not at all Greatly increases discomfort 
Environmental Impact If you did this behavior, how much of a positive impact would it have on the environment overall? No impact Very large impact 
Environmental 
Knowledge 
How confident are you that you are aware of the environmental impacts of this 
behavior? 




Financial Cost How financially costly is this behavior? Not at all costly Very costly 
Financial Savings How much financial savings would result from doing this behavior?  No savings at all Very large amount of savings 
Forgetability  If you decided to engage in this behavior in the future, how likely would it be for you to forget to do it? 
Extremely 
unlikely to forget 
Extremely likely to 
forget 
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Habitb If you did this behavior, how easy or difficult would it be for it to become part of your routine? Very difficult Very easy 
Health Impact If you did this behavior, what impact would it have on your health? Very harmful Very beneficial 
Hot Weather Influences If you did this behavior, how much would hot weather encourage or discourage you? Strongly discourage Strongly encourage 
Inconvenience If you did this behavior, how convenient or inconvenient would it be? Very inconvenient Very convenient 
Injunctive Norm How much do your family and friends encourage or discourage you to do this behavior?  
Strongly 
discourage Strongly encourage 
Past behaviora Indicate the best estimate of how often you have engaged in this behavior in the past. Never One or more times per day 
Procedural Knowledgeb How much knowledge do you have about how to do this behavior? No knowledge A great deal of knowledge 
Safety If you did this behavior, how unsafe or safe would it make you feel? Very unsafe Very safe 
Self-efficacyb How capable are you of performing this behavior? Completely incapable Completely capable 
Structural Influences If you did this behavior how much would existing structural conditions (e.g. local infrastructure, city or state services, laws/regulations) help or hinder you? Greatly hinders Greatly helps 
Time Spent If you did this behavior, how much time would it take?  Very little time Very large amount of time 
Note: Scales in italics were reversed scored   
aScales were used as dependent variables 
bItems were omitted from analyses as Heywood cases   
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Table 5 
Rotated Pattern Matrix from Aggregate-Level Factor Analysis of Attribute Scales 
Attribute 











Frequency -.906 .188 .174 .029 
Cost .891 -.295 .097 .128 
Time .845 .064 .222 .184 
Inconvenience .703 .466 .013 .017 
Discomfort -.034 .995 .291 -.063 
Cold Weather -.231 .753 -.106 .242 
Structural Influences -.094 .649 -.263 .215 
Injunctive Norm .218 .504 -.246 -.172 
Environmental Impact .077 .073 .932 .034 
Savings .104 -.056 .743 -.207 
Environmental Knowledge .157 .029 -.578 -.391 
Safety .022 -.081 -.141 .894 
Health Impact .202 .238 -.062 .633 
Hot Weather -.131 .385 -.043 -.387 
Forgetability .084 .349 -.366 .112 
Interfactor correlations 
Factor 2 .297    
Factor 3 -.009 -.499 
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Figure 4. PEBs characterized by Factors 1 and 2 
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Table 6  
Ten Highest and Lowest PEBs for the Four Factors of PEB Perceptions 
 
Factor 1 Factor 2 Factor 3 Factor 4 
Financial and behavioral cost External pressures Environmental impact and savings Health and safety impact 
Renewable energy system 2.43 Protest about environmental issue 2.46 Energy-efficient heating system 1.73 Turn off lights when not in use 1.62 
Fuel-efficient vehicle 2.29 Participate in environmental group 2.14 Renewable energy system 1.71 Plant a tree 1.55 
Energy-efficient windows 1.89 Line dry laundry 1.85 Turn off lights when not in use 1.67 Maintain correct tire pressure 1.47 
Energy-efficient heating system 1.81 Unplug television when not in use  1.74 Energy-efficient windows 1.16 Plant a fruit/vegetable garden  1.34 
Insulation material in attic 1.48 Avoid buying non-local produce 1.71 Energy-efficient light bulbs 1.14 Recycle paper products  1.34 
Protest about environmental issue 1.45 Write to gov't official  1.67 Plant a tree 1.14 Shut down computer at night 1.26 
Energy-efficient refrigerator 1.38 Compost kitchen waste 1.63 Wait until dishwasher is full 1.07 Plant native plants in garden  1.26 
Energy-efficient water heater 1.37 Carpool 1.58 Carpool 1.05 Combine errand trips  1.18 
Insulation to radiator 1.28 Walk/cycle to places within 1 mile 1.56 Energy-efficient refrigerator 1.02 Eco-friendly cleaning products 1.13 








 Recycle glass -1.12 Insulation to water heater  -1.00 Avoid buying non-local produce -1.20 Sign a petition about environmental issue -0.96 
Use recycled paper products  -1.14 Energy-efficient windows -1.05 Unplug television when not in use  -1.43 Clean refrigerator coils -0.99 
Combine errand trips -1.22 Combine errand trips -1.05 Pull refrigerator 4 inches from wall -1.57 Carpool -1.05 
Shut down computer at night -1.26 Wait until dishwasher is full -1.10 Choose vegetarian meal over beef  -1.58 Participate in environmental group -1.36 
Wait until dishwasher is full -1.29 Maintain correct tire pressure -1.11 Eat a vegetarian diet one day a week -1.61 Boycott companies with poor eco-practices -1.38 
Recycle paper products  -1.29 Turn off ceiling fan when not in use -1.17 Participate in environmental group -1.65 Buy low-rolling resistance tires -1.60 
Use a reusable drink container -1.33 Curtains to retain heat in winter -1.48 Donate to organization -1.84 Apply insulation to radiator -1.72 
Turn off tap while brushing teeth -1.34 Curtains to retain cool air in summer -1.49 Protest about environmental issue -1.84 Purchase second-hand clothing -2.05 
Turn off ceiling fan when not in 
use -1.52 Turn off lights when not in use -1.52 
Sign petition about environmental 
issue -2.18 Write to gov't official  -2.40 
Turn off lights when not in use -2.02 Energy-efficient light bulbs -1.61 Write to gov't official  -2.32 Protest about an environmental issue -3.10 
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Table 7 
Using PEB Perception Factor Scores to Explain Mean Behavior Intention 
 
Predictor Variable Standardized Beta-weights 
Factor 1: Financial and behavioral cost -0.61** 
Factor 2: External pressures -0.33** 
Factor 3: Environmental impact and savings       0.001 
Factor 4: Health and safety impact       0.23* 
R2       0.88 
*p <.01; **p < 0.0001 
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Appendix A 
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